The incidence of thyroid cancer has been rapidly increasing in the United States, but few risk factors have been established. The authors prospectively examined the associations of self-reported medical history, anthropometric factors, and behavioral factors with thyroid cancer risk among 90,713 US radiologic technologists (69,506 women and 21,207 men) followed from 1983 through 2006. Incident thyroid cancers in 242 women and 40 men were reported. Elevated risks were observed for women with benign thyroid conditions (hazard ratio (HR) ¼ 2.35, 95% confidence interval (CI): 1.73, 3.20), benign breast disease (HR ¼ 1.56, 95% CI: 1.08, 2.26), asthma (HR ¼ 1.68, 95% CI: 1.00, 2.83), and body mass index 35.0 versus 18.5-24.9 kg/m 2 (HR ¼ 1.74, 95% CI: 1.03, 2.94; P-trend ¼ 0.04). Current smoking was inversely associated with thyroid cancer risk (HR ¼ 0.54). No clear associations emerged for reproductive factors, other medical conditions, alcohol intake, or physical activity. Despite few thyroid cancers in men, men with benign thyroid conditions had a significantly increased risk of thyroid cancer (HR ¼ 4.65, 95% CI: 1.62, 13.34), and results for other risk factors were similar to those for women. Consistent with prior studies, obesity and benign thyroid conditions increased and current smoking decreased the risk of thyroid cancer. The novel findings for benign breast disease and asthma warrant further investigation. body mass index; hormones; motor activity; prospective studies; reproduction; smoking; thyroid diseases; thyroid neoplasms Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; TSH, thyroid-stimulating hormone.
Between 1996 and 2005, thyroid cancer incidence rose annually by 5.8% among men and 7.1% among women in the United States, a more rapid increase than for any other cancer site (1) . As a result, thyroid cancer now ranks as the seventh most common cancer in women in the United States (1) . While some of this increase may be explained by improved detection of very small papillary tumors and changes in diagnostic criteria, changes in environmental risk factors likely also play a role (2) .
The only clearly established risk factor for thyroid cancer is ionizing radiation exposure, particularly in childhood (3) . Case-control studies have shown associations for nonradiation risk factors, including benign thyroid conditions, inadequate or excess iodine intake, never smoking, and, particularly in women, obesity (3) (4) (5) . Worldwide, women have a 3-fold higher incidence of thyroid cancer compared with men, and their age-specific rates rise and peak earlier (median age at diagnosis in the United States: 47 years for women and 53 years for men) (3, 6, 7) . These factors suggest a hormonal etiology, but results from case-control studies examining hormonal and reproductive factors in relation to thyroid cancer risk for women have been weak or inconsistent (3) . Medical conditions unrelated to the thyroid may also influence the risk of thyroid cancer, biologically or through increased detection (8) (9) (10) (11) . Although prospective studies avoid recall and selection biases, nonradiation risk factors for thyroid cancer have rarely been investigated prospectively, chiefly because of small numbers of incident thyroid cancers in most studies.
We prospectively examined the associations of potential nonradiation risk factors with thyroid cancer risk in a cohort of more than 90,000 US radiologic technologists. Because of the younger age distribution and the greater frequency of thyroid cancer in women compared with men, the gender and age structure of this cohort provides an opportunity to prospectively examine potential risk factors for thyroid cancer.
MATERIALS AND METHODS

Study population
Details on the study design and methods were published previously (12) . In brief, the US Radiologic Technologists Study was initiated between 1983 and 1984 with the primary objective to investigate cancer risks associated with occupational radiation exposure in radiologic technologists. We identified 146,022 individuals who were registered with the American Registry of Radiologic Technologists for at least 2 years between 1926 and 1982 and resided in any of the 50 US states. Between the years 1983-1984, 1994-1998, and 2004-2006 , 3 different questionnaires were mailed to participants who were located and thought to be alive. The third questionnaire was sent to respondents of the first or second questionnaire. Nonrespondents to the first survey were contacted by telephone and completed the questionnaire via telephone interview. Response rates were 68% (n ¼ 90,305 of 132,454 radiologic technologists located and presumed alive) for the first, 72% (n ¼ 90,972/126,628) for the second, and 72% (n ¼ 73,489/101,694) for the third questionnaires. Of 110,418 respondents to at least one survey, we excluded from all analyses participants who had a medical history of cancer other than nonmelanoma skin cancer at baseline (n ¼ 2,808), were missing the date of any incident cancer diagnosis over follow-up (n ¼ 144), had conflicting cancer records (n ¼ 5), or did not respond to a second questionnaire or could not be linked to a mortality record with known cause of death (n ¼ 16,748). After exclusions, the analytic cohort included 90,713 participants (69,506 women and 21,207 men). The study was approved by the institutional review boards of the National Cancer Institute and the University of Minnesota.
Case ascertainment and follow-up
Incident thyroid cancers were identified by self-report on the second or third questionnaire, cancer registry linkage, and death records. Living participants who reported a diagnosis of thyroid cancer were contacted to obtain consent to view their pathology reports or medical records for confirmation. Cases who did not consent to release medical records, or for whom medical records could not be located, were classified as having unconfirmed thyroid cancer. Selfreported, but unconfirmed cancers were included in the case definition because medical records confirmed more than 92% of cases of thyroid cancer self-reported on the second questionnaire (13) . Using information obtained from pathology reports, medical records, and cancer registry linkage, we further classified thyroid cancers as papillary, follicular, medullary, or other histology according to International Classification of Diseases for Oncology, Third Edition, morphology codes. Participants were followed from the date they responded to the first questionnaire they completed to 
Assessment of nonradiation exposures
Exposure data were obtained from the first and second questionnaires, which elicited information on date of birth; sex; race/ethnicity; height; weight; cigarette smoking; alcohol intake; medical history of cancer, benign thyroid conditions, and selected other diseases; reproductive and hormonal history; and occupational and personal radiation exposures. Some exposures were available from only the first (e.g., thyroiditis) or the second (e.g., thyroid adenomas/nodules, some medical conditions, physical activity) questionnaire. Except for alcohol intake, which was assessed separately for beer, wine, and liquor on the second but not the first questionnaire, the level of detail elicited on nonradiation exposures in this analysis was generally similar for both questionnaires.
Statistical analysis
All analyses were performed by using Stata version 9 software (Stata Corporation, College Station, Texas). Cox Table continues proportional hazards models with attained age as the underlying time variable were used to calculate hazard ratios and 95% confidence intervals for thyroid cancer. To account for the time-dependent nature of certain variables, specifically weight, smoking, alcohol intake, benign thyroid conditions, and hormonal factors, we treated the follow-up times before and after the date of completion of a second questionnaire as separate observations. For exposures ascertained on only one of the first 2 questionnaires (i.e., thyroiditis, thyroid adenomas/nodules, some medical conditions, physical activity), we restricted the analyses to participants who responded to the relevant questionnaire and began follow-up on the date of questionnaire completion. Sex-specific quartiles of exposure were defined based on the entire cohort distribution. Body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) was classified by using the World Health Organization categories of <18.5 (underweight), 18.5-24.9 (normal), 25.0-29.9 (overweight), 30.0-34.9 (obese), and 35.0 kg/m 2 (severely obese) (14) . We assigned women to be premenopausal if they were younger than 53 years of age, which was the 80th percentile of age at natural menopause in this cohort, and were missing information on menopausal status at either of the first 2 questionnaires (n ¼ 545) or had reported having had a hysterectomy without a bilateral oophorectomy (n ¼ 4,124). Information on frequency of strenuous physical activity, walking for exercise, and walking at home over the past year was obtained in the second questionnaire and was categorized as never, <1 hour/week, or 1 hours/week. Physical activity was summarized as a total activity score by assigning a metabolic equivalent task value for each activity and summing the metabolic equivalent taskhours per week across all 3 activities, as described in a separate study from this cohort (15) . Unless otherwise specified, missing values were categorized by using a missing indicator variable.
Models were stratified by sex and were adjusted for birth year (1-year categories with a knot at year 1947), smoking status (never, former, current), BMI (World Health Organization categories), and history of any benign thyroid condition (i.e., goiter, hypothyroidism, hyperthyroidism, adenoma/nodule, or thyroiditis). Although personal and occupational radiation exposures were not associated with nonradiation factors or thyroid cancer incidence in this study, we adjusted for number of personal radiographs to the head or neck (in quartiles) and cumulative occupational radiation dose to the thyroid at baseline (in quartiles) because radiation exposure is the main known risk factor for thyroid cancer. Tests for trend were conducted by modeling categories of exposure as continuous. Interactions were assessed on the multiplicative scale by including crossproduct terms in the model. All tests of statistical significance were 2-sided.
RESULTS
The majority of participants were white (94.7%) and female (76.6%) ( Table 1) . At study entry, men were slightly older than women on average (mean age: 43.3 vs. 39.3 years), and a higher proportion of men than women were born before 1940 (29.3% vs. 18.8%). Women were more likely than men to be never smokers (50.8% vs. 38.1%), to be in the normal BMI (18-24.9 kg/m 2 ) range (69.1% vs. 42.5%), and to have a history of benign thyroid conditions (9.1% vs. 2.0%). In total, 23.1% of participants were overweight, 8.7% were obese, 28.0% were former smokers, 22.9% were current smokers, and 7.5% reported at study entry having been diagnosed with a benign thyroid condition.
Among women, a history of any previous thyroid condition (hazard ratio (HR) ¼ 2.35, 95% confidence interval (CI): 1.73, 3.20), including goiter (HR ¼ 4.10), benign thyroid nodules/adenomas (HR ¼ 6.88), and hyperthyroidism (HR ¼ 2.05), was associated with an increased risk of thyroid cancer (Table 2) . Hypothyroidism was nonsignificantly associated with thyroid cancer risk for women (HR ¼ 1.31, 95% CI: 0.85, 2.02). Thyroiditis was not associated with a significant increased risk of thyroid cancer, but this association was based on only 3 exposed cases. Thyroid hormone use in the past month was associated with an increased risk, but, at least for women, this risk was not greater than that associated with having a history of benign thyroid conditions and no recent thyroid hormone use. Self-reported history of asthma (HR ¼ 1.68, 95% CI: 1.00, 2.83) and benign breast disease (HR ¼ 1.56, 95% CI: 1.08, 2.26) were both associated with an increased risk of thyroid cancer in women.
Despite small numbers of males with thyroid cancer, we observed a significantly elevated risk of thyroid cancer for those who reported any history of benign thyroid conditions (n ¼ 4 cases; HR ¼ 4.65, 95% CI: 1.62, 13.34). Statistically significant associations were found for goiter (HR ¼ 9.28, 95% CI: 1.25, 69.17) and benign nodules or adenomas (HR ¼ 32.75, 95% CI: 9.12, 117.53).
We found no clear associations between any of the reproductive factors and thyroid cancer incidence. Refer to Table 3 .
Height was not significantly associated with thyroid cancer risk for women or men (Table 4) . Greater weight modestly increased risk for women (P-trend ¼ 0.04). BMI 35 kg/m 2 (vs. 18.5-24.9 kg/m 2 ) was associated with an elevated risk, particularly for women (HR ¼ 1.74, 95% CI: 1.03, 2.94; P-trend ¼ 0.04). Compared with never smoking, current cigarette smoking was associated with a reduced risk (HR for women ¼ 0.54, 95% CI: 0.35, 0.82; HR for men ¼ 0.31, 95% CI: 0.09, 1.04). There was some evidence that greater smoking intensity, but not duration (data not shown), was associated with a lower risk of thyroid cancer within groups of former and current smokers. Alcohol intake was not clearly associated with risk. None of the types of physical activity we examined were significantly associated with risk. Refer to Table 5 .
In sex-specific analyses, we did not observe statistically significant interactions for any of our exposures with smoking status (ever vs. never) or obesity (<30 vs. 30 kg/m 2 ). When we used more specific endpoints, such as confirmed or papillary thyroid cancer, none of our results changed markedly. Because hormonal factors around the time of menopause may play a role in thyroid cancer, we also examined the results for women separately by cancer diagnosed before and after age 50 years. We observed slightly stronger associations for a medical history of benign thyroid conditions for thyroid cancers diagnosed at younger versus older ages. In contrast, the inverse association for cigarette smoking was slightly stronger for cancer diagnosed at older ages. No differences by age at cancer diagnosis were observed regarding other exposures in this study.
DISCUSSION
In this prospective study of US radiologic technologists, we found that a self-reported history of goiter or benign thyroid adenomas and nodules significantly elevated the risk of thyroid cancer for women and men. A significant increased risk was also observed for women reporting hyperthyroidism, asthma, and benign breast disease. Greater weight and obesity were positively associated, while smoking was inversely associated, with thyroid cancer risk for women. Similar associations were observed among men, although they were based on few incident cases. We did not find significant associations for thyroiditis, hypertension, diabetes, reproductive factors, height, alcohol intake, or physical activity.
Because thyroid cancer is a relatively rare malignancy (1-3, 7) , most of the epidemiologic studies of nonradiation risk factors for thyroid cancer have used a case-control design. A pooled analysis of 14 thyroid cancer case-control studies, including 2,725 cases and 4,776 controls, investigated a number of factors, including BMI (5), reproductive and hormonal factors (16, 17) , benign thyroid conditions (18) , diet (19, 20) , smoking (21) , and alcohol consumption (21) across diverse populations. The strongest and most consistent results from this international pooled case-control analysis were in relation to benign thyroid conditions, particularly goiter, benign nodules/adenomas, and hyperthyroidism, but no association was observed for hypothyroidism (18) ; the results did not differ according to histology, and relative risks were generally stronger for men. A prospective study in San Francisco, California, found no association for hypothyroidism and hyperthyroidism, but, similar to our study, goiter increased the risk more than 3-fold (relative risk ¼ 3.36, 95% CI: 1.82, 6.20) (22) . Goiter and thyroid nodules are strongly and consistently associated with thyroid cancer in epidemiologic studies and may share similar risk factors with thyroid cancer, including diet, smoking, and iodine deficiency (23) . The association we observed for hyperthyroidism may reflect more frequent thyroid examinations among participants with a history of goiter or benign thyroid nodules; in fact, the association was attenuated after excluding participants who also reported a history of goiter (HR ¼ 1.90, 95% CI: 0.94, 3.86) or nodules (HR ¼ 1.73, 95% CI: 0.63, 4.69). Nonetheless, we did not have information on the type of hyperthyroidism or the treatments given for thyroid diseases, and, without diagnostic confirmation, some of these conditions may be subject to misclassification.
We observed a significant increased risk of thyroid cancer for women with a medical history of asthma. However, results from other epidemiologic studies are equivocal. Two case-control studies showed no associations for medical history of asthma (9, 10) or other allergic conditions (10) . Inverse associations for history of asthma and other allergic disorders were observed in a Swedish case-control study, particularly among women (11) , and a positive association between history of allergies and medullary thyroid cancer risk was shown in the pooled case-control study (8) . A history of allergies has been suggested to reduce cancer risk through a heightened immunologic response, but this hypothesis has received little support and is considered controversial (24) . Although smoking is less common among individuals with asthma (24), adjustment for smoking did not change the results. Restricting the results to never smokers did attenuate the association for asthma slightly among women (HR ¼ 1.43, 95% CI: 0.73, 2.81), but the number of cases also decreased appreciably (119 to 79). Similar to patients with thyroid disease, asthma patients may be under close medical surveillance and therefore may have a greater chance than the general population of thyroid cancer being diagnosed.
Our finding of an association between benign breast disease and thyroid cancer risk, if not the result of detection bias, may provide further evidence of a common underlying mechanism for breast and thyroid diseases. An increased risk of breast cancer has been observed for individuals with a history of thyroid cancer (25) and certain types of benign breast disease (26) . Currently, it is unclear whether the association between benign breast disease and thyroid cancer in this study is attributable to a biologic exposure, such as circulating hormone levels (27) , or to greater medical surveillance. Misclassification of benign breast disease was also a concern in this study; benign breast disease encompasses a wide range of conditions (27) , and we did not have detailed information on the specific types of benign breast disease.
While most (10, (28) (29) (30) , but not all (9, 31, 32) , casecontrol studies of thyroid cancer and cigarette smoking, including the pooled case-control study (21) , support an inverse association, prospective studies have been less consistent (22, 33, 34) . This difference may reflect a greater potential for residual confounding in most prospective studies, which are less likely to have information on thyroid cancer risk factors, including benign thyroid conditions and radiation exposure. In our prospective study, which had detailed covariate information, current smoking was associated with a reduced risk of thyroid cancer, and there was some evidence that the risk decreased with greater intensity, but not duration, of smoking.
The pooled thyroid cancer case-control study found a positive, but small, association for BMI, particularly among women (highest to lowest tertile, odds ratio ¼ 1.2, 95% CI: 1.1, 1.5) (5). A positive association between BMI and thyroid cancer risk was also observed in several subsequent case-control (28, 35, 36) and prospective (37-39) studies, including those restricted to men (38, 39 (41) . Assuming a causal relation between obesity and thyroid cancer, we estimate that 6% of thyroid cancer is attributable to obesity in this cohort, based on our results and the 11% prevalence of obesity. In the general US adult population, where the prevalence of obesity was 33% in 2004 (42) , this figure translates to a population attributable risk of 17% (43) . The increasing prevalence of obesity may be one explanation for the increasing incidence of thyroid cancer in the United States over the past 3 decades, but this hypothesis should be explored in future prospective studies.
Some biologic mechanisms have been proposed that may explain the associations we observed in this cohort. In laboratory studies, thyroid-stimulating hormone (TSH) has been shown to regulate the growth and differentiation of thyroid cells (44) . Current smokers may have lower levels of TSH compared with former or never smokers (45, 46) , and TSH levels may be elevated in people who are obese (47) (48) (49) (50) (51) . TSH may also increase during puberty, during pregnancy, or while taking oral contraceptives (23, 52) . Nonetheless, prospective studies examining levels of TSH in relation to thyroid cancer risk for humans are lacking. In addition, prospective studies on the association of TSH with potential thyroid cancer risk factors, particularly obesity (47) , are needed to elucidate whether TSH is a cause or a consequence of these conditions. Estrogen may also play a role in thyroid carcinogenesis given the large sex difference in thyroid cancer incidence; however, epidemiologic evidence linking reproductive or hormonal factors to thyroid cancer has been inconsistent (16, 17, 22, 33, (53) (54) (55) (56) (57) .
Although estrogen receptors have been found on thyroid tumors (58) , and estrogen promotes thyroid carcinogenesis in rats (59) , studies of circulating estrogens and thyroid cancer risk have not been conducted to our knowledge. Our study generally does not support a clear role for reproductive or hormonal factors in thyroid carcinogenesis. However, we had limited numbers of thyroid cancer cases to assess the risk for menopausal status and use of hormone therapy.
Despite the relatively large size of this prospective study, the number of male cases was still small. The fairly young age distribution of the cohort also resulted in a limited number of postmenopausal women in this study. A strength of this study compared with several previous prospective studies (33, 34, (37) (38) (39) (40) is the availability of information on several established and potential thyroid cancer risk factors, including benign thyroid conditions, radiation exposure, cigarette smoking, and BMI, as well as information on thyroid cancer histology. Furthermore, because of their training, radiologic technologists may more accurately report medical history information compared with the general population. For instance, although studies relying primarily on self-report may underestimate the number of incident cases, the accuracy of self-reported thyroid cancers was high in this cohort (positive predictive value ¼ 92.3%) (13) . Misclassification over the follow-up period is a potential limitation given the approximate 10-year interval between questionnaires, but we had updated exposure information for participants who responded to a second questionnaire.
Internal comparisons within this cohort showed that occupational radiation generally did not increase thyroid cancer risk (60) , and personal and occupational radiation exposures were not associated with the nonradiation factors examined in this study. The relative homogeneity of this group with regard to socioeconomic status, occupational exposures, and thyroid cancer screening most likely reduced the potential for bias within the study. However, because radiologic technologists may be monitored more closely for thyroid abnormalities, the generalizability of these findings may be limited.
Some findings from this prospective study warrant further investigation, particularly the positive associations for history of asthma and benign breast disease. Consistent with previous studies, we found that benign thyroid conditions (except thyroiditis) and obesity increase and current smoking reduces the risk of thyroid cancer in men and women. These findings provide additional evidence that obesity may partially contribute to the rising frequency of thyroid cancer.
